A reference-independent measure of potential is helpful for studying the multichannel EEG. The potentials integrated over the surface of the body is a constant, i.e. inactive across time, regardless of the activity and distribution of brain electric sources. Therefore, the average reference, the mean of all recording channels at each time point, may be used to approximate an inactive reference. However, this approximation is valid only with accurate spatial sampling of the scalp ®elds. Accurate sampling requires a suf®cient electrode density and full coverage of the head's surface. If electrodes are concentrated in one region of the surface, such as just on the scalp, then the average is biased toward that region. Differences from the average will then be smaller in the center of the region, e.g. the vertex, than at the periphery. In this paper, we illustrate how this polar average reference effect (PARE) may be created by both the inadequate density and the uneven distribution of EEG electrodes. The greater the coverage of the surface of the volume conductor, the more the average reference approaches the ideal inactive reference. q
Introduction
The electroencephalogram (EEG) is measured with a differential ampli®er, such that the voltage time series re¯ects the difference in electrical potential between two electrodes. It is often assumed that one electrode site is an inactive reference, such that the potential at that site is constant across time. Yet this assumption has been known to be incorrect for many years (Nunez, 1981; Vaughan, 1982; Lehman and Skrandies, 1984) . There is no site on the surface of the human head that can be assumed to remain at a constant potential during the activity of brain electrical sources of unknown locations and orientations (Nunez, 1981) . Rather, the`reference' sites such as the earlobes, mastoids, or nose, can be shown to vary in their electrical potentials during the event-related potential (ERP) epoch. These reference sites are in¯uenced differentially by differing ERP components, such that the reference error varies unpredictably with experimental conditions that manipulate ERP components.
Even for sites traditionally used as an`inactive' reference, such as the earlobes, the variation of the potential over time must not be neglected. Not only may sources in the nearby temporal lobe affect this reference site, but also distant generators whose electrical ®elds propagate to the reference site through volume conduction.
The study of scalp topography, therefore, requires a reference-independent measure of the potential ®eld. Some researchers have turned to the current density measure, estimated by the Laplacian derivation (the second spatial derivative) of the potential surface, which is referenceindependent. However, adequate spatial sampling is required to compute the spatial derivative, such that current density measures with 19-or 32-channel recordings will be unstable and inaccurate (Srinivasan et al., 1996; Jungho Èfer et al., 1997) . Furthermore, even for high spatial density EEG, the second spatial derivative is much more noise vulnerable than the scalp potential distribution. Problems result from the inability to interpolate accurately (and thus to create accurate derivatives) with inadequate spatial sampling (below the spatial Nyquist frequency) and from the errors in determining the electrode positions. Furthermore, the current density measure is insensitive to deep sources, whereas the potential measure re¯ects deep and 
